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Os nutrientes minerais presentes na vinhaça são utilizados por algas e plantas para 
o seu crescimento. A cultura de alga produz alguns compostos orgânicos e 
inorgânicos que ficam solúveis no meio da cultura líquida. Estas substâncias podem 
ser úteis para a formulação de um meio de cultura para plantas, ja que os meios de 
cultura convencionais são constituídos por componentes dessa natureza. Portanto, o 
objetivo deste estudo foi desenvolver um meio de cultura para plantas utilizando a 
vinhaça usada para o cultivo de Haematococcus pluvialis; investigar possíveis 
efeitos benéficos desses biocompostos presentes no filtrado algal sobre a 
micropropagação de Nidularium procerum (Bromeliaceae) no acúmulo de quercetina 
e avaliar a citotoxicidade desta vinhaça por meio do bioensaio com Artemia salina. A 
vinhaça proveniente da cultura do H. pluvialis pode ser utilizada para formular meios 
de cultura de tecidos de plantas. Usando uma concentração de 3%, seus nutrientes 
minerais podem suportar o crescimento in vitro das plantas, mas alguns nutrientes 
precisam ser suplementados para otimização. Um protocolo eficiente para a 
micropropagação de N. procerum foi desenvolvido. As plantas regeneradas foram 
transferidas satisfatoriamente para casa-de-vegetação (aclimatizadas). O 
desenvolvimento deste meio de cultura representa a possibilidade de reutilização da 
vinhaça, além de ser uma alternativa racional para o descarte desse resíduo 
industrial, agregando valor ao que é atualmente considerado um remanescente 
indesejado. Além disso, este processo pode reduzir os custos de produção de 
mudas clonais e/ou compostos bioativos em biofábricas. Não foi observado nenhum 
efeito bioestimulante do filtrado de algas na morfogênese in vitro, por outro lado, 
este filtrado algal aumenta a produção de quercetina. A cultura do H. pluvialis em 
vinhaça diminuiu a citotoxicidade e os compostos fenólicos, evitando a necrose nos 
tecidos dos explantes. 
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The mineral nutrients presents in vinasse support algae and plant growth. The algal 
culture produces some organic and inorganic compounds to the liquid culture 
medium. These substances can be useful to formulate a plant tissue culture medium, 
whereas tissue culture medium is constituted of organic and inorganic components. 
Therefore, the aim of this study was to develop a plant culture medium using the 
vinasse used for Haematococcus pluvialis culture, to investigate possible beneficial 
effects of biocompounds presents in algal filtrate on micropropagation of Nidularium 
procerum (Bromeliaceae), quercetin accumulation and to evaluate the citotoxicity of 
this vinasse by bioassay with Artemia salina. The vinasse originated from H. pluvialis 
culture can be used to formulate plant tissue culture using 3% concentration and Its 
mineral nutrients can support in vitro growth of the plants, but some nutrients must be 
supplemented. An efficient protocol for micropropagation was developed for N. 
procerum. The micropropagated plants were suitable transferred to the greenhouse 
(acclimatized). This culture medium represents a reuse of this waste water and a 
rational alternative to vinasse disposal, adding value to what is currently considered 
an undesired residue. Moreover, this process can reduce the production costs of 
clonal seedlings and/or bioactive compounds in biofactories. There was not a 
biostimulant effect of the algal filtrate on the morphogenesis, on the other hand, this 
algal filtrate increase the quercetin production. The culture of H. pluvialis in the 
vinasse decreases the citotoxicity and phenolic compounds content, avoiding the 
explant tissue necrosis.   
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Plant tissue culture represents a powerful tool to promote massive clonal plant 
propagation in a short time. This technique is use commercially by propagating elite 
clones to most varied applications, such as potato microtubers (potato seed), 
ornamental, medicinal, forestry and horticultural plants. Moreover, to produce 
interspecific hybrids and genetically modified plants. 
Although, this technique is very expansive and new technologies to reduce the 
production costs must be developed. Some progress was already performed, like 
new models of bioreactors (to automate the process), biotechnological approaches to 
produce plant growth regulators and others bioactive compounds, like vitamins and 
amino acids, the use of natural light in growth chambers and so on. 
Vinasse is an effluent originated from ethanol industry and the reason for a 
strong environmental concern, but it is rich in mineral nutrients. This nutrients were 
already used to establish successively nutritive solutions to support plant growth in 
hydroponics, thus this residue could be an excellent source of mineral nutrients to 
formulate plant culture media too.  
The Haematococcus pluvialis is a microalgae used to produce astaxanthin, a 
biopigment and antioxidant molecule. The vinasse is used to formulate algae culture 
medium, however, it was recognized that the algal vinasse (i.e. vinasse used as 
culture medium to grow algae), could be used to formulate a plant culture medium 
more efficient due to possible biostimulants produced by this algae. Moreover, the 
compounds released by these algae could promote some influence on the secondary 






In order to develop new technologies for plant tissue culture, the aim of this 
study was to develop a plant culture medium using the vinasse (nutrient source) 







1. In order to establish an alternative micropropagation protocol for Nidularium 
procerum, bromeliad with a promising candidate for antioxidant production; 
2. In order to investigate possible beneficial effects of biocompounds presents in 
algal filtrate on micropropagation of Nidularium procerum (Bromeliaceae); 
3. In order to investigate quercetin accumulation in the plants; 































Plant tissue culture is a technology or collection of techniques which draws in 
the culture of small pieces of tissues (explants), plant cells an organs on synthetic 
media with controlled conditions (i.e. light, temperature, humidity) and axenic 
environment (EVANS et al, 2003). The first experiment involving isolated plant cells 
were reported by Gottlieb Haberlandt (1902) (KRIKORIAN and BERQUAM 1969).  
Nowadays there is a greater knowledge about this issue and the cell and 
plant tissue culture is widely used to produce clones. Because of in vitro conditions, 
the ability of morphogenesis is controlled by cell totipotency, a special characteristic 
of plant cells and meristems in which they retain a latent capacity to produce a whole 
plant (REINERT and BACKS, 1968, VERDEIL et al., 2007). Single cells, plant cells 
without cell walls (protoplasts), pieces of leaves, stem or roots can often be used to 
generate a new plant (embryogenesis) on culture media given the required nutrients 
and plant hormones by inducing somatic embryos (EMBRAPA, 2006). It is also 
possible to direct the totipotency to organogenesis, inducing buds, shoots or roots 











2. CALLUS, CELLS, SINGLE CELL AND PROTOPLAST CULTURE 
 
 
The culture of undifferentiated mass of cell on agar media produced from an 
explant of a seedling or other plant part is called callus culture. For callus formation, 
auxin and cytokines, both are required. The main use of callus culture is focused on 
maintaining cell lines and morphogenesis (CHAWLA, 2009).  
Other technique used by lots of botanist is cell suspension cultures. With 
correct media composition, explants proliferate into a callus (compact mass of cells) 
of dedifferentiated cells, which can be screened for the objective of interest and then 
isolated and transferred to liquid medium to create suspension of single cells and cell 
clumps. In this technique, the cells grow much faster than in callus culture, hence 




There is even a third type of culture, single cell culture. Free cells are isolated 
from plant organs or cell suspensions and grown as single cells under in vitro 
conditions, thus producing a clone of identical cells. It can be isolated by mechanical 
or enzymatic methods (CHAWLA, 2009). Other kind of single cell culture is the 
protoplast culture. Protoplast is the “naked” cell, just the living cytoplasm of each cell, 
bounded by the plasma membrane. This kind of plant cell is very useful to make 
genetic transformation, since the cell wall would otherwise block the passage of DNA 
into the cell (DAVEY et al., 2005).  It may be regenerated into whole plants, first by 
growing into a group of plant cells that develops into a callus and then by 
regeneration of shoots, callogenesis (THORPE, 2007). 
These techniques of cell cultures can be applied in lots of situations like 
mutant screening and selection, once that induces mutagens, producing more 
frequency of mutants than spontaneous ones (MACHADO et al., 2005). Cell cultures 
are even effectively for production of chemicals, like heterologous proteins on a 
commercial scale for enhanced yield and better production control, once that plant 
systems allow for proper protein assembly, folding and glycosylation, without the 
threat of contaminants such as endotoxins and pathogens (WILSON and ROBERTS 
2012, MIRALPEIX et al., 2013). It is even used to make protoplast culture (WANG, 
2011), in vitro mutagenesis (KIM et al., 2011) and the produce of pure lines (WANG 




FIGURE 1.2. A) Grow of dedifferentiated cells showing callus formation in a culture media with correct 
nutrients and hormones combination. B) Callus cells are transplanted into liquid media, creating a 
suspension culture.  





3. SOMATIC EMBRIOGENESIS 
 
 
Somatic embryogenesis is a technique used to induce genetic modifications on 
vegetal cells. It is a very important technique utilized on tissue culture, because 
allows the change of natural cells function. In example, somatic cells – ordinary plant 
tissue – are “reprogrammed” and can originate cells with embryogenic potential 
(ZENG et al., 2006). Somatic embryos can be generated directly from the explant or 
from for callus culture. They are mainly produced on in vitro conditions and requires 
plant growth regulators (PGR`s – auxin and cytokinin) to be developed (QUIROZ-
FIGUEROA et al., 2006).  
Applications of this process include: high rate of multiplication when compared 
with any propagation process, production scheduling by the culture maintenance in 
liquid medium, clonal propagation of genetically uniform plant material and 
elimination of viruses (CARVALHO et al. 2006). 
The main problem in the somatic embryogenesis process is the efficiency 
maturation of the embryos. In general, somatic embryo germination is altered by 
culture conditions - embryo induction and maturation; therefore, it generally results in 
different degrees of germination and plantlet development (VAHDATI et al, 2008). 
Accordingly, it is necessary to apply maturation treatments in order to maximize the 







Micropropagation or in vitro propagation is a technique which utilizes plant 
tissue culture on in vitro conditions. It is widely used in the plant science, forestry, 
industry and horticulture (GEORGE and DEBERG, 2008; HARNEY, 1982; PENNEL, 
1987). This technique produces a large number of progeny plants which are 
genetically identical to the stock plant. Besides the advantage in produces perfect 
clones, it produces a massive number of individuals in a relatively short period of 




These individuals can be important to the pharmaceutical, medicinal and agricultural 
industries, because with this technique, they can also produce a role of secondary 
metabolites, i.e. antioxidants, which can be improved by growing on aseptic and 
specifics conditions (DA SILVA, 2013). Beside it, micropropagation can even shows 
a large number of applications and advantages: 
 It can help on restoration of degraded regions, reintroducing plants into 
their native environment, like a strategy in plant conservation and protected areas 
management, selecting the best clones, micropropagating them and recovery of 
species at extinguishment (i.e. endangered orchid reestablishment - DECRUSE et 
al., 2013).  
 Application on phytoremediation researches (LEDUR, 2009).  
 The commercial production (domestic and international markets) of 
plants used as potting, landscape and florist subjects, which uses meristem and 
shoot culture to produce large numbers of identical individuals (ANDRADE et al., 
2011). 
 The use of cell culture (i.e. suspension) to research plant cells with 
advantageous characters, like herbicide resistance/tolerance (CAO et al., 1992), 
production of secondary metabolites, as anticancer molecules (MALIK et al., 2011), 
antioxidants and research their activity on stressed situation (PALACIO et al,. 2011, 
GOMES-JUNIOR et al., 2006), recombinant protein used as biopharmaceuticals 
(GEORGIEV et al., 2009),  lipid profile characterization (CORREA and 
ATEHOURTUA, 2012), inductors of plant regenerators (PACHECO et al, 2012). 
 The possibility in maintenance a large-scale production of theses 
valuables compounds, whereas plant cells can growth in liquid cultures in bioreactors 
(GEORGIEV et al., 2009).  
 Production of a lot of seedlings with medicinal interest, free from 
contamination and external agents (SONG et al., 2014). 
 To rapidly study the molecular basis for physiological, biochemical, and 
reproductive mechanisms in plants, for example in vitro selection for stress tolerant 
plants (MANOJ et al., 2011) and in vitro flowering studies (AINA et al., 2012a). 
 For chromosome doubling and induction of polyploidy. Like doubled 
haploids, tetraploids and other forms of polyploids. This is usually achieved by 




 In vitro propagation through meristem culture is the best possible 
means of virus elimination and then transferred to the environment (ROUT et al., 
2006). 
 Produce particularly good flowers, fruits, or have other desirable traits 
and to quickly produce mature plants (SATHYANARAYANA, 2007). 
 The production of multiples plants in the absence of seeds or necessary 
pollinators to produce seeds (SHUG et al, 2009). 
 The production of plants from seeds that otherwise have very low 
chances of germinating and growing, such as Orchids and Nepenthes (CHYUAM et 
al., 2011; FAY, 19992). 
Micropropagation generally involves four distinct stages: initiation of cultures, 
shoot multiplication, in vitro elongation and rooting of shoots, and acclimatization 
(FIGURE 1.1.). The first stage: culture initiation or in vitro establishment, depends on 
explant type or the physiological stage of the donor plant at the time of excision. 
Explants from actively growing shoots are generally used for mass scale 
multiplication. The second stage: shoot multiplication is crucial and achieved by using 
Plant Growth Regulators like auxin and cytokinin. The third stage: the elongated 
shoots, derived from the multiplication stage, are subsequently rooted either ex vitro 
or in vitro. In some cases, the highest root induction occurs from excised shoots from 
liquid medium when compared with semi-solid medium (BIDARIGH and AZARPOUR 
2013). The fourth stage: acclimatization of in vitro grown plants that is an important 
and the last step in micropropagation (ROUT et al., 2006). The micropropagated 
plants have a big vulnerability in loose humidity once they were shifted from high 
humidity/low irradiance conditions to low humidity/high irradiance conditions. Their 
stomata do not show a perfect function - closing and opening when necessary (JIN et 
al., 2013). In this case most individuals cannot survive if transferred direct to the field, 
and a pre-acclimatization step is required to enabling than to survive under ‘adverse’ 
environments (SILVA et al., 2011).   
Propagation in vitro can be a very efficient alternative to solve a lot of 
problems. But is a complex technique that requires the choice of two critical factors: 
choose of an explant and culture medium (MURASHIG and SKOOG, 1962). The first 
one depends on the goals of the project and the characteristic of the tissue in 
question. And the second one is what promotes the plant´s growing and the standard 




process, maintenance of regulators and growing promoters, like hormones in a very 
low concentration (CALDAS et al., 1998). 
 
 
5. KNUDSON AND MS CULTURE MEDIUM 
 
 
There are two most useful culture mediums well known to orchids and 
bromeliads. The first one was proposed by Knudson (KNUDSON, 1946). It is a 
simple and a cheaper one, but some important nutrients are lacking. Its composition 
is based on the small amount of reagents (TABLE 1.1.). Knudson medium besides 
be incomplete, can be useful because of its price. It is cheaper than the others and 
for some plants can works very well. 
These nutrients are usually effective to orchid tissue culture, like 
multiplication of Cattleya ioddigesti and elongation when supplemented with 2,5mg/L-
1GA3 (SOARES, et al. 2009). It is recommended in the propagation of some other 
genus: Laelia, Laeliocattleya and Brassocattleya (ARDITTI and ERNEST 1993, 
Schneiders et al., 2012). In most cases Knudson medium shows positive results in 
multiplication of shoots and leafs and elongation (SOARES et al., 2009, VILLA et al., 
2014). Promote rooting with this medium is more difficult, but Lee et al., (2011) shows 
that is even possible when added some growth regulators and some quantity of 
active charcoal on Cymbidium sinense micropropagation culture. Besides the most 
efficiency of Knudson medium is on Orchids microcultivation, it can be uses in the 
others plant tissue culture like Blenchum spp. and Pelaea roduntifolia (Forst.) 
(JANSSENSAND SEPELIE, 1989). 
In the other way, the most widely used medium for micropropagation culture 
was MS, proposed by Murashige and Skoog (MURASHIG and SKOOG, 1962). This 
inorganic salt formulation represents one of the major achievements in the history of 
cell and tissue culture (GOULD and SMITH 1989). It is used for almost all the species 
used in micropropagation and could be find in different strengths and variations. Most 
researches utilizes the primordial medium - MS complete - (TABLE 1.1.). Others find 
effectivity in a half concentration of salts (SCHNEIDERS et al., 2012), in addition to 





TABLE 1.1. Nutrients composition of the two most widely used medium cultures for orchid, KNUDSON 
C formulation (1946) and Murashige and Skoog medium (MS) (1962). 
KNUDSON MS 
Salts Salts Vitamins Grow  Factors 
Ca(NO3)2.4H2O NH4NO3 Nicotinic acid Cytokinin (BAP) 
FeSO4.7H2O KNO3 Pyridoxine, Auxin (NAA, AIB) 
KH2PO4 H3BO3 Thiamin  
MgSO4.7H2O KH2PO4 Glycine  
(NH4)2SO4 NaMoO4.2H2O Mio-Inositol  
MnSO4.4H2O KI   
 CaCl2.2H2O   
 CoCl2.6H2O   
 MgSO4.7H2O   
 MnSO4.4H2O   
 ZnSO4.7H2O   
 CuSO4.5H2O   
 FeSO4.7H20   
 Na2.EDTA   
Knudson (1946), Murashig and Skoog (1962). 
 
 
Murashige and Skoog (1962) culture medium is used in the propagation of a 
large number of specie, like some examples: production of Vitis labrusca, Vitis 
vinifera plants for beverage industry (CARVALHO et al., 2013); research on solving 
hyperhydricity in micropropagation of Lavandula angustifolia (MACHADO et al., 
2014) - plant which produces an important oil presented in multiples hygienic 
products and medicinal and in Jatropha curcas organogenesis (COSTA et al., 2014), 
a specie with a large potential for biofuel production; Nidularium procerum and 
Nidularium innocentii, species with ornamental and medicinal interest (SILVA et al., 
2012) and several others species and cultivars. 
Knudson medium can be used for orchid micropropagation, because its cost 
is lower than MS medium and it shows significant results. But when compared with 
MS medium have, in most cases, production disadvantage. Studies demonstrated 
that for Dendrobium ”Sonia” orquid, MS medium was the most efficient in inducing 




medium is found more suitable than Knudson for shoot tip culture (KET et al., 2004). 
In the comparison of these two mediums for the micropropagation of Geodorum 
densiflorum orchid, Sheelavantmath et al., (2000) demonstrated that the explants 
cultured on KC medium did not show any response and turned brown in 6-8 weeks. 
However, the explants cultured on MS medium responded well. In fact, the 
regenerated shoots rooted on MS only. 
 
 
6. ALTERNATIVE CULTURE MEDIUMS 
 
 
In literature there are a few others culture media developed for in vitro tissue 
culture, Hyponex (H3) (KANO, 1965), Vacin and Went (VW) (VACIN & WENT, 1949), 
B5 (GAMBORG et al., 1968), Woody plant medium - WPM ( LLOYD and MCCOWN 
1981) and KC medium with MS vitamins (VILLA et al., 2014), but they are specific for 
some species and goals.  
As already shown, micropropagation is a tool widely used and with a tendency to 
increase its use commercially in the next years. There is a big industry interest, the 
forests are in extinction and reforestation is the topic on environmentalists’ 
conferences and the large demand of food in the world is increasing in astronomic 
rates, making the fields being depleted. MS medium is a very efficient culture 
medium, but it is still expansive. Therefore is necessary to reduce the 
micropropagated plants production costs, increasing its competition in the market.  
One alternative is utilize industrial residues, like vinasse, to promote plant growth. 
Vinasse is the main effluent of sugar industry, in the ethanol production. Sugarcane 
or sugar beet is processed to produce crystalline sugar, pulp and molasses. The last 
one is further processed by fermentation to ethanol, ascorbic acid or other products. 
The industrial production of ethanol by fermentation results in the discharge of large 
quantities of high-strength liquid wastes (distillation stage) generally called stillages, 
distillery slops or vinasse (SILES et al., 2011). It has a 93% water and 7% solid 
compound, with a low to high dark color, bad odor, acid pH, high temperature and 
high levels of salt (among 24,000 to 80,000 mg/l) and organic material (4,000 a 
64,000 mg/l) and for every liter of ethanol produced between 12-20 liters of vinasse 




This residue is rich in several mineral nutrients therefore it is used as soil 
fertilizing. This is a polemic question, studies conducted by Camargo et al. (1983), 
Glória and Orlando Filho (1983), Laime et al. (2011) and Jiang et al. (2012) in the 
disposal of sugarcane vinasse in the soil have reported beneficial effects on crops 
and physic-chemical properties of the soils, because it increases moisture retention, 
potassium levels, electric conductivity and porosity, in addition to biological activity. 
However, few studies have assessed the real polluting potential of vinasse in the soil 
and water (LYRA et al., 2003; TENÓRIO et al., 2000). The effects of the application 
of this residue on the soil depend on various factors, such as the quantity applied in 
the soil, soil type and chemical composition (CHRISTOFOLETTI et al., 2013). 
When in large concentration, vinasse can be approximately one hundred times 
more pollutant than household sewage for aquatic environmental (FREIRE and 
CORTEZ, 2000; KANNAN and UPRETI, 2008) and in terrestrial environment can 
modify the lifecycle of lot species (Pedrosa et al., 2005, Yesilada 1999) and cause 
soil salinity mainly due to the high potassium level (Hassuda, 1989). However, these 
mineral nutrients are essential for plant growth, which can also increase the crop 
yield (Silva and Orlando Filho 1981). Then, these mineral nutrients can be used to 
formulate plant culture medium (Lopes da Silva et al., 2014), hydroponics solution 
(Santos et al 2013) and this process can be a useful alternative to aid to vinasse 
disposal. 
In addition, some microrganisms like the microalgae Scenedesmus sp., 
Chlamydomonas reinhardii can grow on vinasse medium (Ramirez et al., 2014, 
Kadloglu and Algur 1992). Another specie capable in grow at vinasse medium is 





7. Haematococcus pluvialis 
 
 
Haematococcus pluvialis is a freshwater specie of Chlorophyta from the family 
Haematococcaceae and can be naturally found in temperate regions, from African 
lakes to the cold waters of Scandinavia. It is unicellular and mobile. This species is 
well known for its high content of the strong antioxidant Astaxanthin (C40H52O4. 3,30-
dihydroxy-b,b-carotene-4,40-dione), which is important in aquaculture and cosmetics 
(Lorentz and Cyewski 2000). 
The high amount of astaxanthin is present in the resting cells, which are produced 
and rapidly accumulated when the environmental conditions – bright light, high 
salinity and low availability of nutrients -   become unfavorable for normal cell growth 
(Boussiba and Vonshak 1991, Grunewald et al 2001, Santos and Mesquita 1984). 
Their resting cysts are often responsible for the blood-red color seen in the bottom of 
dried out rock pools and bird baths. This color is caused by astaxanthin, which is 
believed to protect the resting cysts from the detrimental effect of UV-radiation, when 
exposed to direct sunlight (Dore and Cysewski 2003). ). Lorenz and Cysewski (2000) 




FIGURE 1.3. a) Schematic figure of Haematococcus pluvialis. b) Single cell of H. pluvialis. c) H. 
pluvialis culture growing in normal conditions of environment. d) H. pluvialis culture in stressful 
situation to promote astaxanthin production. 




8. SECUNDARY METABOLITES PRODUCTION 
 
 
A hole of secondary metabolites can be produced natural by organisms like the 
study of Coca et al (2014), which the production was up to 168 ± 18mg.L−1.d−1 of 
protein with Spirulina platensis algae.   
The same way as microalgas, plants can even produce secondary metabolites. 
Plant secondary metabolites are low-molecular weight compounds that aid in the 
adaptation of plants to their environment. Because of their significant biological 
activity, plant secondary metabolites have been used in traditional medicine for 
centuries (Wilson and Roberts, 2012). Currently, over 60% of anticancer drugs and 
75% of drugs for infectious disease are either natural products or analogues of 
natural products (Newman et al., 2003; Cragg and Newman, 2009). Secondary 
metabolites are also commonly used as insecticides, dyes, flavors and fragrances 
(Wilson and Roberts, 2012). (TABLE 1.2.). 
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9. Nidularium procerum 
 
 
In this study was used Nidularium procerum Lem., a plant which belongs to the 
family Bromeliaceae. Bromeliaceae is one of the largest botanical families of the 
world. According to Givnish (20005) is the fifth-largest family in number of species 
among the monocotyledons and the second-largest among tropical epiphytes 
(Schulte et al. 2005). It is distributed extensively in the coastal Atlantic Forest in 
tropical America, with exception of Pitcairnia feliciana from West Africa (Chedier and 
Kaplan, 1996). According to APG III (2009) belongs to Poales order.  
Bromeliads show a great variety of terrestrial, rupicolous or epiphytic life forms 
(FIGURE1.4.). The family is a prime example for colonization of extreme habitats like 
coastal plains, humid mountains forests and high Andean savannahs, and many 
species are particularly well adapted to xeric conditions (Givnish et al. 1997, Benzing 
2000, Crayn et al. 2004). About half of all Bromeliaceae are epiphytes and apart from 
the Orchidaceae, they make up the largest portion of epiphytic vascular plants within 
the Neotropics (Benzing 1990). 
Bromeliads are perennial, rosette herbs with a short axis or rarely an elongated 
stem. The roots are absorbing in terrestrial species but in epiphytes their vascular 
system is reduced and water uptake is accomplished by absorptive trichomes (Peters 
2009). Inflorescences are terminal, sessile or pedunculate, simple to paniculate and 
often bear conspicuously colored bracts (Peters 2009). 
The last study published in taxonomy of Bromeliaceae by Luther (2008) shows 
that this family presently contains 3.172 species distributed in about 58 genera, and 
subdivided in 3 subfamilies: Pitcairnioideae, Tillandsoideae and Bromelioideae, 
majoring present in Brazil. As a matter of fact, recent studies by Givnish et al. 2007 
based on molecular data established a new concept of eight bromeliad subfamilies: 
Tillandsioideae, Bromelioideae, Brocchinioideae, Lindmanioideae, Hechtioideae, 
Puyoideae, Navioideae and Pitcairnioideae (FIGURE 1.5.). Despite of these works, 
online data on The Plant List (2014), shows that Bromeliaceae family currently 
include 52 plant genera, with 6.815 scientific plant names of species rank. Of these, 
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FIGURE 1.4. Different habits of bromeliads. (a) Terrestrial. (b) Rupicolous. (c) Epiphytic.   





FIGURE 1.5. Molecular phylogeny of Bromeliaceae based on ndhF data. Assignment of the new 
subfamilies to the traditional subfamilies is indicated by shaded bars. Hollow bar: Bromelioideae, grey 




In Brazil they are in all national territory - 44 genera with approximately 1.290 
species which 1.145 are endemic, but the coastal rain forest is the habitat preferred 
by Bromeliaceae (81.8%), where there is the greatest genetic diversity and the 
highest degree of endemism (Fontoura et al., 1991). Species of Nidularium are well 
spread in the coastal rain forest from Bahia State, in the northeast region of Brazil, to 
Rio Grande do Sul State, in the south. 
 This family has ornamental and medicinal characteristics. Profile of bromeliads 
includes antioxidant activity and this can be due to various types of molecules, like 
enzymes (e.g. superoxide dismutase, catalase and peroxiredoxins), carotenoids, 
tocopherols, ascorbic acid, polyphenolic compounds and others. Cinnamic acid 
derivatives (Takata and Scheuer, 1976), flavonoids, diterpenoids (Bringmann et al., 
2000; Harbone, 1988; Raffauf et al., 1981), triterpenoids and steroids (Atallah and 
Nicholas, 1971; Borin and Gottlieb, 1993; Marker et al., 1943). 
The most common representatives are Nidularium procerum and N. innocentii 
(Leme 2000). Leaves of N. procerum have potent analgesic (Amendoeira et al. 
2005a) and anti-inflamatory activity (Amendoeira et al 2005b). These species 
presents also potent anti-eosinophil activity (i.e. Anti-allergic properties) (Vieirade-
Abreu et al., 2005). They have attracted substantial interest in recent years as it is 
the candidates to develop new medicaments and as source of several secondary 
metabolites. Some studies had already shown that N. procerum has an antioxidant 
potential, including polyphenols. Among polyphenolic compounds are the flavonoids, 






Quercetin (also named as 3,3',4',5,7-pentahydroxy flavone)  is one of most widely 
distributed flavonoids in plants, its chemical structure is showing in FIGURE 1.6. It is 
presents in most vegetables and fruits and also forms the chemical backbone for 
other flavonoids. Quercetin accumulating in higher plants forms glycosides with a 
large variety of sugars (Wittig et al., 2001).  
The intake of quercetin contained in food and herbal medicinal products has been 




are believed to be based on its antioxidant activity (Middleton and Kandaswami, 
1994). Quercetin offers several potential therapeutic uses in the prevention of cardio 
vascular diseases, cancer, cataract, schizophrenia and prostatitis. Quercetin inhibits 
the growth of malignant cells, nevertheless the exact mechanisms responsible for the 
antitumor effect of quercetin, however, is not thoroughly understood yet (Wei et al., 
1994). Bardy et al (2013) showed that quercetin may also induce insulin secretion by 
activation of L-type calcium channels in the pancreatic β-cells. However, due to the 
various preventive effects in human healthy, quercetin is already used as a food 




FIGURE 1.6.Quercetin molecule. 
 
 
Several fruits and vegetables had their hydrolysed samples examined for 
quercetin content and found the highest concentration of quercetin in onions (28.4-
48.6 mg/100g), cranberry (15 mg/100g), sweet potatoe (10 mg/100g) and tomatoes 
(0.8-65 mg/100g) (Bhagwat et al., 2013) (TABLE 1.3.). Among the fruit examined, the 
quercetin concentration averaged 1.5 mg/100g, being the apples the fruit with the 
highest concentration (2.1-7.2 mg/100g) (Hertog et al., 1992). According the another 
study carried out by Lopes da Silva et al (2013), the N. procerum (around 
34mg/100g) and N. innocentii (around 70mg/100g) are excellent source of quercetin 






TABLE 1.3. Quercetin concentration (mg/100mg for edible portion) contained in different kinds of 
foods. 







Tea, black or green 2 
Apple 2.1-7.2 
Crowberry 5 
Sweet potato 10 
Bhagwat et al., (2013); Hertog et al., (1992). 
 
 
11.  Nidularium procerum MICROPROPAGATION 
 
 
To understand the enhance in production of antioxidants on in vitro conditions, is 
important knows that the algae can produce a large role of biomolecules in its 
lifecycle. And these molecules can stay intracelullarly or be expelled to the 
extracellular middle, adding some molecular value to the culture medium. 
Bromeliads are threatened and facing extinction due to predatory collect of its 
habitats. Cryptanthus fosterianus, Neoregelia binotiie and Nidularium utriculosum are 
already considered extinguished, and in the Atlantic Forest species registered, about 
40% were threatened and facing extinction (WorkshopBiodiversitas 2005). 
Micropropagation can supply enough plantlets for research, conservation, medicinal 
and ornamental purposes. Micropropagation of bromeliads is already established for 
many species. However, Nidularium genus had few reports (Silva et al., 2012). In 




et al.,2006) and a protocol for In vitro propagation of Nidularium fulgens was 
established (Paiva et al., 2009).  
Despite the lack of the studies in the Nidularium genera, it is well known the 
nutrients that culture medium, for micropropagation, needs carry on. Dorris M. (2010) 
shows the importance of some nutrients for Bromeliads in general. In example of 
nutrients that are in high quantity (macronutrients), Nitrogen and Sulfur are needed to 
make proteins. Phosphorous is a critical element in plant structure, energy and part 
of DNA, Its lack makes pl ants purple. Potassium is involved in enzymes function, 
Magnesium is part of chlorophyll constitution and Calcium is involved in a large 
number of processes, helping keeps plants green and blooming.  There are still those 
that need to be find in low quantity (micronutrients) in the medium, in example: Iron, 
Manganese, Zinc, Boron, Copper, Iodine and Molybdenum. 
The plant tissue culture can be a good alternative to be employed in a large 
arrangement of goals, like industries production, medicine and laboratories. It is 
possible because there is a lot kind of plant tissue culture techniques that was 
developed. Callus, cell, single cell, protoplast culture, somatic embryogenesis and 
micropropagation are some of them which are more utilized currently, because are 
advantageous, spending less time and in a not distant future, less money.   
They are not new techniques, but steel needs improvement to get cheaper 
and be competitive in the market.  The main problem is the medium culture cost. It is 
therefore evident that there is a need for further studies to develop alternative culture 
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CHAPTER II - DEVELOPMENT OF A PLANT CULTURE MEDIUM COMPOSED 






The plant culture media are constituted of organic and inorganic substances that 
are carbohydrates, vitamins and macro and micronutrients; and can be 
supplemented with amino acids, plant growth regulators, complex mixtures and 
others substances depending of the culture objective. Nowadays, the plant tissue 
culture is used in several parts of the world in biofactories to produce clonal 
seedlings and bioactive compounds. However, it is necessary to develop alternatives 
to reduce the production costs. Industrial wastes are a cheap source of nutrients and 
organic compounds and can be used to formulate plant culture medium.  
The vinasse is the largest pollution source of the ethanol industry. It is a dark 
colored liquid residue with a high chemical oxygen demand that is removed from the 
base of distillation columns. It is generated in an average proportion of 12-15 L for 
each liter of alcohol produced (Santos et al., 2013). The immense production of 
wastewater represents matter of serious environmental concern (Ahmad et al., 
2013). However, the vinasse is rich in several mineral nutrients necessary for plant 
growth. Therefore, new rational alternatives for vinasse disposal were developed 
take advantage of its mineral nutrients, such as a nutritive solution for hydroponics 
(Santos et al., 2013) and a plant tissue culture medium (Lopes da Silva, 2013). 
These mineral nutrients presents in vinasse also support algae growth.  
The photosynthetic freshwater unicellular green microalga Haematococcus 
pluvialis (Chlorophyceae) is one of the best sources of astaxanthin, because of its 
ability to accumulate a superior amount of astaxanthin (up to 4% of its dry weigh) 
compared to other sources as Phaffia rhodozyma (about 0.04% of its dry weight) 
(Boussiba et al., 1999). The ketocarotenoid astaxanthin (3,3′-dihydroxy-β,β′-
carotene-4,4′-dione), is a pigment commonly found in the marine environments, 
where it is produced by phytoplankton and it is conserved through the food chain in 
some marine animals, leading to the prominent color of the flesh and shell (Lorenz 




production of salmon in confinement, whereas it is the pigment responsible by the 
coloration of the salmon. In the nature, the salmon acquire its coloration by its natural 
diet (i.e., the pigment is present in diet originated from food chain) and in 
confinement this pigment must be inserted in its diet as feed additive. 
Algal filtrate and algal extracts are used as biostimulants for enhance the 
resistance and yield of plants. The vinasse originated from Haematococcus pluvialis 
culture (algal filtrate) is rich of mineral nutrients and it liberates several organic 
compounds into the culture medium, nevertheless, it was suggested that some these 
substances can be beneficial and improve plant growth and morphogenesis. 
Therefore, the aim of this study was to develop a plant culture medium using the 
vinasse used for Haematococcus pluvialis culture, to investigate possible beneficial 
effects of biocompounds presents in algal filtrate on micropropagation of Nidularium 
procerum (Bromeliaceae), quercetin accumulation and to evaluate the citotoxicity of 
this vinasse by bioassay with Artemia salina. 
 
 
2. MATERIAL AND METHODS  
 
 
2.1. Haematococcus pluvialis culture. Mixed must vinasse from sugarcane was 
used as basal medium for Haematococcus pluvialis culture. This crude vinasse was 
diluted to 3% and supplemented with 0.7% NaCl and the pH was adjusted to 7.0. It 
was used 0.4 g.L-1 inoculum for the initial culture (cells in vegetative growth). This 
inoculum was prepared using the same vinasse medium described above. The 
culture was performed with 0.5 vvm air, at 25o C and after 15 days of culture (cells in 
vegetative growth, no formation of cysts occurs) the algal biomass was separated 




2.2. Plant culture media composed with vinasse from H. pluvialis culture. In 
order to develop the vinasse culture media, the vinasse originated from H. pluvialis 




ammonium, calcium, magnesium, sodium, potassium, manganese, zinc, copper and 
total iron content. The sulfate content was quantified by the turbidimetric method, the 
chloride content was quantified by the titulometric method with mercury nitrate, the 
phosphate content was quantified by the colorimetric method (ascorbic acid) and the 
nitrogen content, as nitrate and ammonium, was quantified by the reduction method 
with cadmium and the phenate method, respectively. The calcium  and magnesium 
contents were obtained by titulometry with EDTA (ethylenediamine tetraacetic acid), 
and the sodium and potassium contents were quantified by flame photometry 
(Clesceri et al., 1998). The total iron content was quantified by the phenanthroline 
method (Saywell and Cunningham, 1937). The micronutrients, such as zinc, copper 
and manganese, were quantified by atomic absorption spectroscopy (Clesceri, 
1998). We developed our vinasse media based on the quantity of ions contained in 
the KC medium (Knudson, 1946) (Table 1) and MS medium (Murashige and Skoog, 
1962) (Table 2). These vinasse media formulations were performed with addition of 
reagents with analytical degree. In order to prepare media using vinasse above 3%, 
the vinasse was concentrated using a roto evaporator at 55°C.  
 
 
2.3. In vitro establishment of N. procerum. The seed disinfection of Nidularium 
procerum was performed as proposed by Lopes da Silva et al (2012). This process 
consisted of the seed immersion in 70% ethanol (v/v) during one minute, followed by 
immersion in commercial bleach (1% active chlorine) for 20 min, and rinsed three 
times with distilled sterilized water. The germination medium was MS (Murashige and 
Skoog 1962), with 30 g.L-1 sucrose and solidified with 6 g.L-1 agar (Type I, Himedia). 
Seedlings were in vitro multiplicated on MS medium supplemented with 30 g.L-1 
sucrose, 2 μM NAA (naphthalene acetic acid), 4 μM BAP (6-benzylaminopurine) and 
solidified with 7 g.L-1 agar.  
 
 
2.4. In vitro multiplication on media composed with vinasse from H. pluvialis 
culture. N. procerum isolated shoots (2 cm height) were removed from clusters 
propagated in vitro were used as explants. The KC-based vinasse media were: 
(VH1) It was composed with 3% vinasse supplemented with 1000 mg L-
1Ca(NO3)2·4H2O, 5.68 mg L
-1 MnSO4·4H2O and 250 mg L




composed with 3% vinasse supplemented with 1000 mg L-1 Ca(NO3)2·4H2O, 5.68 
mg L-1 MnSO4·4H2O, 250 mg L
-1 MgSO4.7H2O and 240 mg L
-1 NaH2PO4·H2O. The 
MS-based vinasse media were: (MSVH 2.7%) It was composed with 2.7% vinasse 
supplemented with salts and vitamins of MS medium and modified its Ca and Mg 
sources for 390 mg.L-1 CaCl2.2H2O and 330 mg.L-1 MgSO4.7H2O, (MSVH 5.4%) it 
was constituted with 5.4% vinasse supplemented with salts and vitamins of MS 
medium and modified its Ca and Mg sources for 342 mg.L-1 CaCl2.2H2O and 295 
mg.L-1 MgSO4.7H2O and (MSVH 10.8%) It was composed with 10.8% vinasse 
supplemented with salts and vitamins of MS medium and modified its Ca and Mg 
sources for 245 mg.L-1 CaCl2.2H2O and 225 mg.L
-1 MgSO4.7H2O. As control were 
tested the KC and MS media. All media were supplemented with 30 g.L-1 sucrose, 2 
μM NAA, 4 μM BAP and solidified with 7 g.L-1agar. All vinasse used for media 
formulation were originated from H. pluvialis culture at 15 days. The shoot height 
(cm), shoot number, shoot percentage, root number, root percentage, leaf number, 




2.5. In vitro rooting on media composed with vinasse from H. pluvialis culture. 
Shoots (1 cm height) were isolated from clusters cultured in the multiplication media: 
KC, VH1, VH5, MS, MSVH 2.7%, MSVH 5.4% and MSVH 10.8%. These isolated 
shoots were cultured on the same media, respectively. The supplementation these 
media was adjusted to promote the rooting. All these media were supplemented with 
30 g.L-1 sucrose, 1 g.L-1 activated charcoal, free of plant growth regulators and 
solidified with 7 g.L-1 agar. The root number, shoot number, height of the aerial part 
(cm), leaf number, fresh mass (g), shoot percentage, root percentage and survival 
percentage were evaluated after 60 days of in vitro culture.  
 
 
2.6. Acclimatization. Plantlets from all the rooting media were removed from flasks 
and their roots were washed with tap water (faucet). The acclimatization consisted on 
the culture of the plantlets in substrate PlantmaxTM HT in the greenhouse with 
intermittent nebulization during 15 days. At the end of 15 days of acclimatization, 




inside the greenhouse with manual irrigation. Survival percentage was evaluated 
after 30 days of culture ex vitro.  
 
 
2.7. Methanol extract. Shoots cultured in all multiplication media (after 60 days of in 
vitro culture) had their fresh mass (1 g) macerated and extracted in 10 mL methanol 
(1:10 w/v) during 24h at room temperature under 80 rpm agitation (in the dark), after 
they were filtered with Whatman No. 1filterpaper. The extracts were stored at -20°C.  
 
 
2.8. Quercetin content determination. The analyses of quercetin content were 
performed on an HPLC Varian ProStar using an Ultraviolet (UV) detector with a 250 
nm wavelength. A Microsorb C18 reverse phase column (4.6 x 250 mm) was used, 
with 1 mL min-1 flow. The mobile phase solvent was methanol and water (50:50 v/v), 
and the injected volume for each run was 20 μL. The run time was 15 min. In order to 
obtain a calibration curve, quercetin with 98% purity (Sigma Aldrich, EUA) was used 
at concentrations of 5, 10, 12.5, 25 and 50 μg L-1 in methanol. The resulting 
chromatogram values were graphed and a linear equation was used to calculate the 
quercetin content of the samples. Samples were microfiltered in hydrophilic 
membrane GV (durapore) of PVDF (polyvinylidene difluoride), pore size 0.22 μm. All 
assays were performed in triplicate.  
 
 
2.9. Bioassay with Artemia salina. The modified method of Solis et al., (1992) was 
employed in the toxicity analysis of vinasse. Brine Shrimps (Artemia salina) were 
hatched using 0.025 g cysts in a plastic bottle (250 mL), filled with artificial sea water 
(prepared using Aquasalt (41.4 g.L-1), from Aqua OneTM and adjusted to pH 8.5 
under constant aeration for 48h (at the light). After hatching, active nauplii free from 
cysts were harvested from brighter portion of the hatching chamber and used for the 
assay. Ten nauplii were drawn through a micropipette (10 μL) and placed in each 
well (24-microwell plate) containing 1 ml of sterile artificial sea water. The vinasse 
dilutions were added in each well and the volume completed to 1 mL, totalizing 2 mL 
per well. It was tested three vinasse types: (1) crude vinasse, (2) treated vinasse 




vinasse originated from H. pluvialis culture (after 15 days of culture), both at the 
levels of 0, 0.5, 1.0, 2.0, 3.0, 6.0 and 9.0%. After 24h of treatment exposition, the 
number of dead and alive naupplii was counted and these data were used to 
estimate the LC50. All assays were performed in triplicate.  
 
 
2.10. Total phenolic content of vinasses. They were tested three vinasse types: (1) 
crude vinasse, (2) treated vinasse and (3) vinasse originated from H. pluvialis culture. 
These vinasses were diluted to 3% and the total phenolic content was determined by 
using Folin-Ciocalteu (Singleton and Rossi 1965) modified assay. To 500 μL of each 
sample (three replicates), 2.5 mL Folin-Ciocalteu solution (1:10 v/v) were added, and 
after five minutes, 2 mL Na2CO3 (7.5% w/v) were added and stored at room 
temperature for 60 min. The absorbance of all samples was measured at 740 nm 
using a SP2000-UV spectrophotometer. The standard curve was determinate using 
0.39, 3.9, 7.8, 15.6, 31.2, 62.5 and 125 μg.mL-1 of gallic acid. Methanol was used as 
blank. Results were expressed in μg.mL-1 of gallic acid equivalent.  
 
 
2.11. Culture conditions and statistical analysis. All media had their pH adjusted 
to 5.8 and were autoclaved at 1.5kgf/cm2, 121ºC for 2min. The cultures were kept at 
25 ± 2ºC under white fluorescent light (28 μM m-2 s-1) with a 16h photoperiod. In all 
experiments were used culture flasks with 5cm diameter and 8.5cm height and with 
30mL culture medium. The experimental design was completely randomized with six 
replicates (per treatment) of five explants. The data were submitted in a normality 
analysis for the Lilliefors´s test, and submitted to the analysis of variance (ANOVA) 
followed by Duncan’s test at a p<0.05. All statistical analyses were done following the 
procedures of the software SOC (Embrapa, 1990). The LC50 (lethal concentration, 
50%) and the confidence intervals (95%) were calculated by the Trimmed Spearman-








3. RESULTS AND DISCUSSION 
 
 
3.1. Vinasse composition originated from H. pluvialis culture. Chemical 
analysis of the vinasse originated from H. pluvialis culture demonstrated that the 
largest levels of mineral nutrients were SO4 and Na, followed by Cl and Ca (Table 3 
and 4). The high level of SO4 is commonly found in mixed must vinasse – utilized in 
the present study; on the contrary the juice must vinasse has a low content SO4. In a 
study to determine the composition of the vinasse originated from different types of 
most (considering the amount for 3% vinasse), Marques (2006) obtained 111.9, 
192.0 and 22.8 mg.L-1 SO4 for mixed must vinasse, molasse must vinasse and juice 
most vinasse, respectively. In this study was obtained 172.1mg.L-1 SO4. This 
variation in SO4 content in mixed must vinasse is due to its origin; whereas this 
vinasse is produced by the mixture of juice most vinasse with the molasse must 
vinasse. The juice most vinasse is the more suitable to development of plant culture 
medium due to low content SO4, which can be used more concentrated than others 
types (i.e., molasse must vinasse and mixed must vinasse), allowing larger mineral 
nutrient availability and it aid to avoid the salt stress occurrence caused by the high 
level of SO4.  
The high content of Cl and Na in the treatments in comparison with the control 
was due to the supplementation of vinasse with 0.7% NaCl (Table 3 and 4), whereas 
H. pluvialis is a sea alga, it is necessary to simulate the medium similar to its 
environment. Another ion content that can be highlighted is the PO4, Fe and NH4, 
which were drastically low compared to other vinasses, suggesting a larger consume 
by alga. The first type vinasse used to formulate a plant culture medium was the juice 
most; therefore, it was used to compare with the results of this present study. 
However, in order to formulate a plant culture medium using vinasse is important to 
determine its mineral nutrient composition to perform the necessary ionic adjusts 






Table 3. Comparative mineral salt content of different vinasse sources and different KC-based media 
used for in vitro culture of Nidularium procerum. All vinasse used for media formulation was originated 
from H. pluvialis culture at 15 days. 
Ion (mg.L-1) PV1 TV2 VH3 KC4 VH15 VH56 
Ca 94.8 49.3 14.5 169.72 184.22 184.22 
NO3 - 0.02 0.5 525.12 525.62 525.62 
NH4 - 1.43 0.36 136.51 0.36 0.36 
SO4 50.4 43.7 191.2 472.76 663.96 663.96 
Mg 4.9 3.0 3.89 24.65 28.54 28.54 
Fe 1.3 0.84 0.12 5.02 0.12 0.12 
Mn 0.15 0.086 0.14 1.85 1.99 1.99 
K 48.6 52.8 26.8 71.83 26.8 26.8 
PO4 16.8 11.4 0.35 174.47 0.35 165.55 
Na 0.26 0.21 141.2 - 141.2 181.1 
Cl 1.8 1.1 30 - 30 30 
Zn 0.036 0.022 0.009 - 0.009 0.009 
Cu - - 0.18 - 0.18 0.18 
1
PV - 3% Crude vinasse, adapted from Santos et al., (2013). 
²TV - 3% Treated vinasse (filtered and decanted). 
³ VH - 3% Vinasse used for culture of Haematococcus pluvialis after 15 days. 
4
 KC - Knudson C medium. 
5 
VH1 - 3% vinasse, 1000 mg L
-1
 Ca(NO3)2·4H2O, 5.68 mg L
-1





VH5 - 3% vinasse, 1000 mg L
-1
 Ca(NO3)2·4H2O, 5.68 mg L
-1
 MnSO4·4H2O, 250 mg L
-1
 MgSO4.7H2O 














Table 4. Comparative mineral salt content of different vinasse sources and different MS-based media 
used for in vitro culture of Nidularium procerum. 
Ion 
(mg.L-1) 






Ca 85.32 44.33 13.05 119.84 119.37 119.33 118.99 
NO3 - 0.018 0.45 2440.52 2440.97 2441.42 2442.32 
NH4 - 1.29 0.33 371.77 372.1 372.43 373.09 
SO4 45.36 39.36 172.08 166.19 322.67 481.11 799.9 
Mg 4.38 2.75 3.5 36.46 36.04 36.09 36.19 
Fe 1.21 0.75 0.11 5.42 5.53 5.64 5.83 
Mn 0.13 0.07 0.13 5.5 5.63 5.76 6.02 
K 43.74 47.52 24.12 783.53 807.65 831.77 880.01 
PO4 15.12 10.26 0.32 118.71 119.03 119.35 119.99 
Na 0.23 0.19 127.1 4.65 131.75 258.85 513.05 
Cl 1.6 1.0 27 212.72 215.1 218.9 226.2 
Zn 0.033 0.020 0.0081 1.95 1.96 1.9662 1.9824 
Cu - - 0.16 0.0063 0.1663 0.3263 0.6463 
Co - - - 0.0062 NA2 NA NA 
MoO4 - - - 0.165 NA NA NA 
B - - - 1.08 NA NA NA 
1
 CV - 2.7% Crude vinasse, 
 
Adapted from Santos et al., (2013). 
2  
TV - 2.7% Treated vinasse (filtered and decanted), no available (this has the levels of MS salts, 
nevertheless the levels presents in vinasse are unknown.  
3
 VH - 2.7% vinasse used for culture. of Haematococcus pluvialis after 15 days. 
4  
MS - Murashige and Skoog (1962) culture medium (MS). 
5  
MSVH 2.7% - 2.7% vinasse supplemented with salts and vitamins of MS medium and modified their 
Ca and Mg sources for 390 mg.L
-1




 MSVH 5.4% - 5.4% vinasse supplemented with salts and vitamins of MS medium and modified their 
Ca and Mg sources for 342 mg.L
-1




MSVH 10.8% - 10.8% vinasse supplemented with salts and vitamins of MS medium and modified 
their Ca and Mg sources for 245 mg.L
-1





3.2. In vitro multiplication. There were no statistical differences for all 
variables evaluated for the KC-based vinasse media on multiplication (Table 5). 
These media performed using the nutrients present in vinasse for KC-based medium 
were suitable, however, the shoot number varied from 5.6 to 7.4 shoots per explant, 




plant growth regulators, it was reached 14.9 shoots per explant, but in this another 
report the explants were evaluated after 120 days - the double-time (Lopes da Silva 
et al., 2012). Comparing the KC medium with MS medium, we can observe a great 
difference in amount and availability of ions, the KC medium does not have several 
ions presents in MS medium, that are: Na, Cl, Zn, Cu, Co, MoO4 and B. The MS 
medium presents a highest salt concentration than KC medium for the NO3, NH4, Mn, 
K, Fe and Mg. The KC medium had the larger levels of Ca, SO4 and PO4 than MS 
medium (Table 3 and 4). 
The VH1 could be used commercially and its main advantages will be the cost 
reduction (even compared to KC and VH5, due to use less reagents than these 
media) and it is possible that the MgSO4.7H2O could be removed without influence 
the multiplication efficacy, this consideration was based in another study in which a 
similar culture medium was developed, named KCV1, this medium uses 2.5% 
vinasse (decanted and filtered, not used to culture alga) and is supplemented with 
1000mg L-1 Ca(NO3)2·4H2O and 65mg.L
-1 MnSO4·4H2O and it was obtained suitable 
results for micropropagation of Oncidium leucochilum (Orchidaceae) (Lopes da Silva, 
2013). Moreover, the amount of Mg presents in vinasse from H. pluvialis culture is 
higher (0.89mg.L-1 more) than the treated vinasse (decanted and filtered) (Table 3). 
Other advantage of the commercial use of VH1 is the bureaucracy decrease, 
whereas this medium uses the Ca(NO3)2·4H2O as nitrogen source which is a reagent 
not controlled by the Armed Forces, on the contrary of the NH4NO3 and KNO3 which 
are controlled by varies safety agencies in several countries due to possibility of the 
explosive manufacture.   
The in vitro multiplication on MS-based vinasse media presented statistical 
differences for the shoot number, leaf number and fresh mass. The best result for 
multiplication was found in MS (control) which reached 9.4 shoots per explant (Table 
6), while the KC medium produced 7.4 shoots per explant (Table 5). There were no 
statistical differences for shoot height, shoot percentage, root number, root 
percentage and survival percentage evaluated for the MS-based vinasse media 
(Table 6).  
Increasing vinasse concentration in the culture medium formulations increased 
sodium and sulfate content (Table 6) and decreased the shoot number, leaf number 
and fresh weight (Table 6). The results found in MS-based vinasse media suggests 




compared to KC medium and mixed with the vinasse concentrated, the levels of Na 
and SO4 reached enough levels to decrease the multiplication efficacy (Table 5 and 
6). The inhibition of the growth and yield is due the reduction in the osmotic potential 
caused by the excess of salts and/or to their toxicant effect. The Na and SO4 can 
contribute significantly to salt stress occurrence, in spite of, high levels of Na inhibit 
the K uptake (Taiz and Zeiger, 2004), and it also reduces the efficiency of use of 
others nutrients (Rego et al., 2011), mainly by competition during the uptake process. 
Other fact that sustained the salt stress occurrence is that the salinity often reduces 
shoot growth more than root growth (Läuchli and Epstein, 1990), as it was observed 
in multiplication (Table 5 and 6).  
The methodology employed for the development of MS-based vinasse media 
was different for the KC-based vinasse medium, which the media were 
supplemented with reagents and the dilution vinasse used at 3%. For the MS-based 
vinasse media formulations, there was also the supplementation with reagents, but 
the vinasse was concentrated in different levels (2.7, 5.4 and 10.8%), the aim was to 
identify effects of putative bioactive compounds presents in algal filtrate that be able 
to promote the growth of explants, and it was cogitated the possibility these 
biocompounds showed this putative effect only in high concentrations. However, the 
high levels of Na and SO4 impeded the observation of possible effects due to salt 
stress occurrence (Table 6). However, other studies must be carried out eliminating 
these excessive ions to avoid the negative interference in the plant growth.     
 
 
3.3. In vitro rooting. There were no statistical differences for all variables 
evaluated for the KC-based vinasse media on rooting (Table 5). The root number and 
root percentage varied from 1.4 to 1.5 roots per explant and 60 to 86.6% rooting 
(Table 5). However, none plant growth was tested and the shoot height used as 
explant was small (1 cm height), whereas the shoot length is often correlated to 
rooting percentage (Silva et al., 2006; Bisognin et al., 2008). In another study with N. 
procerum, it was used explants with 2 cm height and the largest rooting rate and root 
number obtained was 96% and 4.1 root per explant, respectively, after 50 days of 
culture on MS medium (free of plant growth regulators) in double-phase system (i.e., 
a solid inferior layer and a liquid superior layer) (Lopes da Silva et al., 2012). 




favor the rooting is the supplementation of vitamins in the culture medium. The KC 
medium supplemented with the MS vitamins favored the root development of an 
orchid hybrid named Brassocattleya Pastoral x Laeliocattleya Amber Glow 
(Fernandes da Silva et al., 2009). The presence of activate charcoal was beneficial 
for rooting of Orthophytum mucugense, even so in culture medium with 1.11 µM IBA 
or free of plant growth regulators, it raised approximately 20% more rooting than its 
absence (Cerqueira Lima et al., 2012). 
The root formation in isolated shoots of N. procerum occurred in culture 
medium free of plant growth regulators, this observation is similar to the results found 
in Dyckia macedoi (Mercier and Kerbauy, 1993), Dyckia agudensis (Silva et al., 
2007), Dyckia maritima (Silva et al., 2008), Vriesea scalaris (Silva et al., 2009) and 
Orthophytum mucugense (Cerqueira Lima et al., 2012).The IBA did not favor the 
rooting in Vriesea scalaris (Silva et al., 2009) and Orthophytum mucugense 
(Cerqueira Lima et al., 2012); on the other hand, the rooting percentage can be 
increased with the addition lower auxins concentration, especially NAA, in the 
concentrations 1.1 μM and 0.1 mg.L-1, respectively (Mercier and Kerbauy, 1992; 
1993). However, if the rooting obtained without the use of plant growth regulators 
does not interfere in plant survival during acclimatization, it represents a cost 
reduction for micropropagation process and suggests that these species are good 
candidate to establish suitable protocols for ex vitro rooting due to easiness of 
rooting.  
The survival rate varied from 80 to 86.6% (Table 5), this result probably is 
associated to explant length, whereas explants much small can dehydrate depending 
of osmotic potential of culture medium, if the culture medium was more hypertonic 
than the explant content, the water moves from explant to culture medium promoting 
the explant dehydration. Other fact that sustained this consideration is the explant 
length (2 cm height) used in multiplication in this study. In order to overcome this 
problem a prior phase for shoot elongation can aid to elevate the survival rate of 
explants obtaining larger explants.  
During the rooting phase also occurred the lateral shoot formation in the 
explant base, the shoot rate and shoot number varied from 73.3 to 86.6% and 1.8 
and 2.4 shoot per explant, respectively (Table 5). This morphogenetic process occurs 
due to presence of the endogenous levels of cytokinins supplemented in culture 




explants originated from multiplication medium containing cytokinins, even so, 
transferred to another culture medium free of plant growth regulators, they continue 
to proliferate and this effect is named habituation. A prior phase of shoot elongation 
aids to consume these endogenous cytokinins and this favored the rooting, guided 
the energy used to produce shoots to produce roots. However, this process can be 
accelerated as observed in Vriesea fosteriana, which the addition of 0.54 μM NAA 
was necessary to stop these lateral shoots proliferation as well as to restabilize the 
apical growth of the shoots, in this way; the rooting was easily induced (Mercier and 
Kerbauy, 1992). 
The in vitro rooting on MS-based vinasse media presented statistical 
differences for the rooting percentage, root number, shoot percentage, shoot 
number, shoot height, leaf number and fresh mass (Table 6). There were no 
statistical differences for survival rate among the treatments, and none explant has 
died. The MSVH 10.8% medium decreased the shoot percentage (80%) and the 
others media did not influence it. The media formulated with different vinasse 
dilutions, 2.7, 5.4 and 10.8% obtained a significant decrease for rooting percentage, 
root number, shoot number, shoot height, leaf number and fresh mass (Table 6). 
These results is involved with the salt stress occurrence, likely attributed to high 
levels of SO4 and Na as discussed previously in this present study.  
Different vinasse dilutions (decanted and filtered), 2.5, 5 and 10% were used for the 
in vitro culture of the Oncidium leucochilum orchid, and it was concluded that the 
2.5% vinasse dilution was ideal for plant tissue culture and did not affect explant 
survival and favored the rooting rate, in spite of smaller vinasse dilutions (5 and 10%) 
possessed a significant phytotoxic effect on explants (Silva, et al., 2013). The 
vinasse dilution is an important variable in formulating culture medium due its direct 













Table 5. In vitro multiplication and rooting of Nidularium procerum cultivated in KC-based vinasse 
media after 60 days. All vinasse used for media formulation was originated from H. pluvialis culture at 
15 days. 
In vitro multiplication 
Medium H1 SN2 SP3 RN4 R5 LN6 FM7 S8 
KC*  2.5 a 7.4 a 88    a 0.16 a 8    a 25.7 a 57.9 a 100  a 
VH1** 2.5 a 5.6 a 96.6 a 0.06 a 6.6 a 18.8 a 47.1 a 100  a 
VH5*** 2.6 a 6.7 a 93.3 a 0.46 a 20  a 21.4 a 62.1 a 100  a 
CV (%) 7.5 17.9 17.7 19.7 17.3 14.0 31.4 0.0 
In vitro rooting 
Medium H1 RN4 SP3 SN2 R5 LN6 FM7 S8 
KC 3.2 a 1.4 a 86.6 a 2.4 a 60.0 a 16.2 a 55.1 a 86.6 a 
VH1 3.1 a 1.5 a 73.3 a 1.8 a 80.0 a 13.2 a 36.3 a 86.6 a  
VH5 2.8 a 1.5 a 80.0 a 1.9 a 86.6 a 12.0 a 34.3 a 80.0 a 
CV (%) 18.3 14.6 15.7 16.4 24.7 12.1 28.2 16.8 
1
Shoot height (H cm). 
2
Shoot Number (SN). 
3
Shoot Percentage (SP %). 
4
 Root Number (RN).  
5
Root Percentage (R %). 
6
Leaf Number (LN). 
7
Fresh Mass (FM mg). 
8
Survival Percentage (S %). 
KC (Knudson C medium). 
VH1 (3% vinasse, 1000 mg L
-1
 Ca(NO3)2·4H2O, 5.68 mg L
-1




VH5 (3% vinasse, 1000 mg L
-1
 Ca(NO3)2·4H2O, 5.68 mg L
-1
 MnSO4·4H2O, 250 mg L
-1
 MgSO4.7H2O 

















Table 6. In vitro multiplication and rooting of Nidularium procerum cultivated in MS-based vinasse media 
after 60 days. All vinasse used for media formulation was originated from H. pluvialis culture at 15 days. 
In vitro multiplication 
Medium H1 SN2 SP3 RN4 R5 LN6 FM7 S8 
MS 3.8 a 9.4 a 96  a 0.7 a 28 a 34.4 a 199.5 a 100 a 
MSVH 2.7% 3.6 a 5.4 b 96  a 0.7 a 48 a 24.1 b 87.0  b 100 a 
MSVH 5.4% 3.9 a 4.5 bc 96  a 0.3 a 16 a 21.8 b 81.4  b 100 a 
MSVH 10.8% 3.6 a 2.9 c 100 a 0.7 a 35 a 14.6 c 68.4  b 100 a 
CV(%) 30.6 16.1 11.9 66.6 55.0 9.4 68.5 0 
In vitro rooting 
Medium H1 RN4 SP3 SN2 R5 LN6 FM7  S8  
MS 3.4 a* 4.0 a 100 a 4.5 a 92 a  26.5 a  109.4 a 96.0 a 
MSVH 2.7% 2.3 b 1.8 b 100 a 2.6 b 64 b 16.5 b 54.0   b 83.2 a 
MSVH 5.4% 2.6 b 0.9 b 100 a 2.3 b 60 b 15.7 b 39.9   b 96.0 a 
MSVH 10.8% 2.3 b 1.4 b 80 b 2.1 b 50 b 13.8 b 36.6   b 83.2 a 
CV(%) 16.6 16.6 11.7 16.2 31.8 14.1 45.2 19.7 
1















MS - Murashige and Skoog (1962) culture medium. 
MSVH 2.7% - 2.7% vinasse supplemented with salts and vitamins of MS medium and modified their Ca 
and Mg sources for 390 mg.L
-1
 CaCl2.2H2O and 330 mg.L
-1 
MgSO4.7H2O. 
MSVH 5.4% - 5.4% vinasse supplemented with salts and vitamins of MS medium and modified their Ca 
and Mg sources for 342 mg.L
-1
 CaCl2.2H2O and 295 mg.L
-1 
MgSO4.7H2O . 
MSVH 10.8% - 10.8% vinasse supplemented with salts and vitamins of MS medium and modified their Ca 
and Mg sources for 245 mg.L
-1
 CaCl2.2H2O and 225 mg.L
-1 
MgSO4.7H2O. 




3.4. Acclimatization. The micropropagated plants survival rate obtained in 
this study varied from 78.3 to 100% (Fig. 1A-B). These results were suitable, 
whereas above 80% is already a convenient survival rate, considering the difficult to 




necessity of gradual physiological changes, mainly to avoid the excessive water loss 
from tissues to environment by transpiration. These plant gradual changes must 
promote the epicuticular wax and functional stomata formation (Sutter and Langhans, 
1982), both is associated to avoid plant loss water and consequently increase the 
plant survival rate. 
The plants produced in KC-based vinasse media varied from 80 to 100% 
survival rate; there were no statistical differences for plant survival among them (Fig. 
1A). However, the medium VH1 presented 100% survival compared to 80 and 87.5% 
of VH5 and KC media, respectively (Fig. 1A). Similar result with VH1 medium was 
found in micropropagated plants of Nidularium fulgens cultivated in greenhouse 
irrigated by a nebulization system during 60 days, which survival rate was 100% 
(Paiva et al., 2009). In our study the exposition time in nebulization system was 15 
days only.   
Micropropagated plants originated from MS-based vinasse media reached 
from 78.3 to 95.7% survival rate (Fig. 1B). The best results were found in MS 
(control) and MSVH 2.7%, obtaining a survival rate of 95.8 and 94.7%, respectively. 
Different salt composition of culture medium and supplementation with different 
levels of microorganisms filtrates can influence plant survival during acclimatization, 
as demonstrated in microshoots of Melaleuca alternifolia that were cultivated in half-
strength MS and full-strength MS, resulting in 80 and 100% survival, respectively 
(Oliveira et al., 2010) and in microshoots of Lavandula angustifolia cultivated on LS 
medium supplemented with different levels of fermented extract of Fusarium 
moniliforme, which presented 66.6 to 91.6% survival rate (Lopes da Silva et al., 
2013). These results can be associated to the different nutritional status of the plants 
cultivated in different culture media, whereas different culture media have different 
nutrient sources and amounts, this can influence also in the available and uptake of 
the nutrients. Moreover, in this study, these results can also be associated to the salt 
stress promoted in the media containing largest vinasse concentrations, increasing 
vinasse concentration in the culture medium formulations increased sodium, sulfate 








Fig. 1. Acclimatization of micropropagated plants of Nidularium procerum originated from different 
vinasse (used to culture Haematococcus pluvialis) media after 30 days of ex vitro culture, (A) KC-
based vinasse media and (B) MS-based vinasse media. The formulation of vinasse media are detailed 
in material and methods. Means followed by the same letter do not differ from each other by the 
Duncan´s test at P<0.05. 
 
 
3.5. Quercetin content. Plantlets cultured on KC medium presented higher 
quercetin content than MS medium, being 54.5mg/100g-1 fresh weight compared to 
47.3 mg/100gg-1 fresh weight, respectively. The larger amount of SO4 and PO4 in KC 
medium can be associated with the highest quercetin production, when it is 
compared with the MS composition (Table 1 and 2). The highest amount of SO4 and 
PO4 can influence a larger production of the compound 4-coumaroyl-CoA 
(C30H42N7O18P3S), whereas it has P and S and this compound is an intermediate in 
phenylpropanoids pathway, where it occurs the quercetin biosynthesis (Taiz and 
Zeiger 2004).  
The presence of algal filtrate had increased the quercetin content. The VH1 
and VH5 media, presented 57.2 and 57.1 mg/100 g-1 fresh weight, respectively. The 
results observed in VH1 and VH5 media compared to KC medium (54.5 mg/100 g-1 
fresh weight) represents an increment of approximately 4.7% of quercetin production 
(Fig. 2A). Plantlets cultured on MSVH 2.7%, MSVH 5.4% and MSVH 10.8% 
presented 79.3, 79.1 and 73.6 mg/100 g-1 fresh weight, respectively. These results 
obtained in plantlets cultivated in MSVH media represent an increment of 
approximately 59.6% of quercetin production when it is compared to MS medium 
(Fig. 2B). The low quercetin production obtained by VH media, when compared to 
MSVH media can be associated with a low nutrients level and absence of some 




Calli obtained from young leaf explants of Pluchea lanceolata (Asteraceae) 
were exogenous supplemented with cinnamic acid (5 mg/100ml) or phenylalanine 
(50 mg/100ml), these calli had an increase in its yield for total quercetin about 7 to 8 
fold and only 1 to 2 fold in comparison to control, respectively. In this study, they 
concluded that cinnamic acid is more effective precursor than phenylalanine (Arya 
and Patni, 2013). However, it is possible that the algal filtrate have in its composition, 
phenylalanine and/or cinnamic acid, this could explain the highest quercetin 
production promoted by algal filtrate, due to the fact that these compounds are 
precursors of quercetin biosynthesis.  
The increase of the algal filtrate concentration in MSVH media,  (i.e., 5.4 and 
10.8%) did not promote an increase in quercetin content, this result can be explained 
by the presence of feedback inhibition in the enzyme phenylalanine ammonia-lyase, 
this enzyme is an important regulatory step in the formation of many phenolic 




Fig. 2. Quercetin content of methanolic extracts of fresh plants of Nidularium procerum multiplicated 
on different vinasse (used to culture Haematococcus pluvialis) media after 60 days of in vitro culture, 
(A) KC-based vinasse media and (B) MS-based vinasse media. The formulation of vinasse media are 
detailed in material and methods. Means followed by the same letter do not differ from each other by 
the Duncan´s test at P<0.05. 
 
 
3.6. Citotoxicity and total phenolic content of vinasses. The crude 
vinasse presented the highest toxicity with a LC50 of 0.68 (0.42-1.11%), followed by 
treated vinasse (decanted and filtered) with a LC50 of 2.06 (1.68-2.54%). This 




et al. (2013), allowed a toxicity reduction, which resulted in a difference of 1.38% 
compared to crude vinasse. This treated vinasse was also evaluated, because it was 
used to formulate the first plant culture medium performed with vinasse, however, 
this plant culture medium promoted some region of necrosis in the explants (37.5%) 
(Lopes da Silva, 2013). This phytotoxicity is not desired in a plant culture tissue and 
can increase the browning rate in explants. It is possible that this toxicity can be 
caused mainly by the presence of phenolic compounds in vinasse. However, in 
vinasse these compounds are produced by catabolism of lignin originated from 
sugarcane biomass (Parnaudeau et al. 2008). Therefore, an early culture of an alga 
could decrease the vinasse toxicity, whereas algae need a great amount of carbon 
and phenolic compounds are a carbon source that the algae can also use. However, 
the vinasse originated from H. pluvialis did not show toxicity until 9%, the largest level 
tested in this study. Moreover, the vinasse level used to perform the best plant 
culture medium was 3%.  
The results of total phenolic content found for crude vinasse, treated vinasse 
and vinasse used to H. pluvialis culture presented 11.3, 7.8 and 0.32 g.mL-1, 
respectively. This represent a decrease of 31 and 97.2% total phenolic in treated 
vinasse and vinasse used to H. pluvialis, respectively when compared to crude 
vinasse. These results had supported the suggestion that phenolic compounds are 
the main substances involved in vinasse toxicity. The early culture of alga before 







Fig. 3. Total phenolic content in crude vinasse, treated vinasse (decanted and filtered) and vinasse 
originated from H. pluvialis culture. 
 
 
4. COST ANALYSIS OF KC FORMULATION 
 
 
The KC formulations using vinasse presented a cost reduction of 20.3% and 
6.43% compared with KC medium (Knudson, 1946) for VH1 and VH5, respectively 
(Table 7). The component more expansive of these formulations was the nitrogen 
source - Ca(NO3)2.4H2O, representing 66% of KC medium value. For the KC 
formulations using vinasse this nitrogen source represents 98.1% and 81.4% of cost 
for VH1 and VH5, respectively. The use of an alternative source of nitrogen could 














The vinasse originated from H. pluvialis culture can be used to formulate plant 
tissue culture medium using 3% dilution, its mineral nutrients can support in vitro 
growth of the plants, but some nutrients must be supplemented. An efficient protocol 
for micropropagation was developed for N. procerum. The micropropagated plants 
were suitable transferred to the field (acclimatized). This culture medium represents a 
reuse of this waste water and a rational alternative to vinasse disposal and adds 
value to what is currently considered an undesired residue. Moreover, this process 
can reduce the production´s cost of clonal seedlings and/or bioactive compounds in 
biofactories. It was not observed a biostimulant effect of the algal filtrate on the 
morphogenesis; on the other hand, this algal filtrate represented an increment of 
approximately 59.6% of quercetin production when compared with the control. 
Furthermore, the culture of H. pluvialis in the vinasse decreases the cytotoxicity and 






6. SUGGESTIONS FOR FUTURE RESEARCH 
 
 
 Another algae species could be explored; 
 This vinasse algal can be used as an elicitor to enhance the accumulation of 
secondary metabolites, but its influence in other compounds classes must evaluated; 
 Algal biomass extraction using different technologies must be performed and 
these extracts could be tested in different in vitro morphogenesis processes. 
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